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§ 1. Effective Ionization and Recombination 
Rate and Cooling Rate Coefficients of Car-
bon Atom and Ions 
Kato, T. 
We have derived the effective ionization and 
recombination rate coefficients in hot dense 
plasmas with the use of collisional radiative model 
of the carbon atom and ions. For this purpose the 
new atomic data of dielectronic recombination rate 
coefficients for excited states of c+O and c+ 1 
have been calculated. 
In order to understand non - equilibrium 
ionization in hot dense plasma, it is necessary to 
include not only ionization and recombination 
processes between the ground states but also inner 
- shell ionization and excitation of the lower 
ionized ion as well as the recombination to the 
excited states from the higher charged ion. It is 
necessary to include many highly excited states for 
the case of dense plasma. We have to solve an 
enormous set of equations for the level 
populations. To simplify the situation, as a first 
step, we tried to derive the effective ionization and 
recombination rate coefficients as a function of the 
electron temperature .and density. In this paper we 
consider the effects of the electron collisional 
process on the ionization and recombination using 
collisional radiative models of carbon atom and 
ions. 
We apply these effective rate coefficients to the 
ionization balance in high density plasma. 
The defmition of the effective ionization and 
recombination rate coefficients, S eff and aeff , are 
given as 
Seff .::_ I:S(i)n(i)/l:n(i) (1) 
aeff=- I:i( ~(i,l) + R(i,1) )n(i) + ~(1)ne + ~(1) 
+ad(1) (2) 
The density dependencies of S eff and aeff are 
given in Fig.1. The effective ionization rate 
coefficient increases for increasing density due to 
ladder-like excitation ionization until the saturation 
due to collisions as shown in Fig.1. The effective 
recombination rate coefficients decrease very 
rapidly for increasing density by more than one 
order of magnitude due to the decrease of the 
dielectronic recombination for L-shell ions. But at 
very high densities where the three body 
recombination is dominant the recombination rate 
coefficients increase proportionally to the density 
as shown in Fig.1. 
The ionization equilibrium of different densities 
using the derived S eff and aeff are calculated. The 
ionization degree advances when the electron 
density increases because S eff increases and aeff 
decreases. But when the electron density exceeds 
10 20 em-3, recombination through the three body 
recombination is more effective compared to the 
ionization and then the ionization degree goes 
down towards the high density. The density 
dependence of the cooling rate are also calculated. 
We have calculated the time evolution of carbon 
ions and studied the density effect. . 
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Fig.1 The effective ionization rate coefficients .. 
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Fig.2 The effective recombination rate 
coefficients. 
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